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CARGORSSPONSE TO SAILCAB IWA-7 Mb T1;M LOAD ASALY3IS*

by

Sobart J. Barthrl~w
Los Alamos Scientific Uboratory

An •~~lytical study tha: invaotigatad tha loads producad

during coupling of rmilcar~ carryins haavy shipping concainwra is
dascrlbed. The ocruccural model of the impact ●vant is ropreoanted
by ● lumped parmerar cechniquc. Each dincreta mess lump posnas#ao
longitudinal, v~rcical, ●nd rotational aegraae of Eraadm. The
resulting computer simlation providmo for nonlinear railcar coupler
●tiffnana ●nd linaar dauping forcaa in tha cwplar and containar
ciadowrm. Sesult- Lnc lude renponaa to parametric varist ions in
concsiner weight, impact apaed, ●nd ticd~ otiffnec~. Containar
dynamic raspon~a ●nd tiadown loads ● ra Found to dopmtd heavily on
thaea paramecere, Also, railcar bending and ●ubaequant vartlcal

mtion ● re shown to be importanu contributors to thaac reaponaea,
Uhdn ●xparimdntally ●ubatantiated, tha mdal cm serve aa a undful
tool in the design ●nd evaluation of shipping contain-r tledown
atmcture.

I~RODITTION

“Aun memsiw energy metariaLs contsinars are ❑oved by rail, considerations ❑ust ba ~iven

to Emcati produced by railcar coupl~r impacce, Theaa forcma MY ba larse ●nd can ~ffdCt tha
concainor, itu tiedown structural, and the railcar. Few tational dynamic ●nalyoes ●xisc for
che probldm of dynamic interaction between these thr~e ~yateme, Current design practical
-p~oys #tatic mnnlvsia proctduraa, using ~mpirical load factora, to daaign tbdown iystamu,
but no dynamic Analysia ham conCi~d tha applicabilLcy of these ecatic ●nalyaia mdthod~.
Thara haa baen a na-d to develop ● cmputar mdel that will handla cha vartica L, rotational,
●nd iongicudinal motionfi of both the containor ●nd the railcar, This ia ●apacia lly important
for the haavi~r spent nuc Laar fue 1 containers chat .r? tram= portad by railcar.

In this papnr an ●nalytical mod~llof railcar ‘mpacc durin~ couplins is developed u~ing a
Iumpad erruccural paramec.>r tdci,nique. The ❑cwhl L: ●ppropriate For horizontally i~ded

-hi~ rernearcil wad ~comoliahed under che wepicee of the DiViSi.N of Envtronant*l &Introl
T@chn~lo~y of tile Dep*rtmunc Jf Enar@y.
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flaxibla containers ●nd moat flatbad raiLcars. A vertically laded rigid container =an also

ba @imlated. A digital computw simulation of this -del, RICTL, (Railcnr X.mpacc ~oncainer

Tiedowm -@ads), ham bean devaleped by the Los Alamoa Scientific hbo~acory (fiSL). This
~iwlatha preemtly hae provinion for ● nonlinear coupler ● s the only nonlinearity.
Eouever, the prosram is urittan ●0 that nonlinear subroutine can be easily added for the
tiadoum configuration and for other longitu~iinal memhre of thm railcar. With RICTL in ics

prwaut Corm, w hava ●tudiad che ●ffecco of variations in cartain ●nalytical model para-
ucera. Those parameter include container veishc, impact spead, ●nd tiadoun etiffneme (and

corrmspondiog damping). The affects of varyins them p~rcmetare includa the rec~nae #~cel-
●rathne of the railcar ●nd the container ●nd tiedoun loads.

This paper containe tha general methodof ●nalyois ●nd the ●pplication CO ● specific
railcar car~ins three different caruo weishta with variations in coupling #peed ●nd tiedown
pmrametam, a discunsiom of the rcnults of theow ●nalytical studi.s, ●nd the general con-
cluaione of the otudy.

A. Mathd of Anelysie

Thm ntmctural dynamic mathod of analyeis used to study the problem of ccupling impacc

for m railcar carry ins ●n ●nergy material shipping container is based on the lumped parama:tr
techniqum of structural modeling. FiSure 1 shown ● sida view echematic of a apccifi: railcarz

●nd co,lpler, a shippins concainer with its tiedovn conEiSuration, ●nd the ❑ aea lumpina ~che-
ma tic with degreee of fIeedrn aasigned to ●ach lumped m-as. Haaa 11 represents the initislLy

●cationary train that the railcar strikes. The container gemecry is based on the NFS-MII)O
creek nystam, but with three veighct --13.6, 27.2, ●nd 63.5 metric tonnes. Seven ❑ aes lumps
repreeent the initially mevins railcar, and three mass lumps represent the nhippins container.
The mass lumps ●ra interconnected by masslmee sprinse and/or dampere am indicacad by the
_bers designated ;l, becwan ❑ a-a lumpe i ●nd j where i,j “ 1,2, :- .N: The nonlinear
cwplcr is daai.gnated by stiffness k,Jl and damping C, , ●e -h- Ln ~U. L. Tha impact

vahcicy (VI) ie given ae the initial velocicy in the ~~rection shown for ●ach of the can

maeaes that canncitute che railcar-centainar structural dynamic SYSCOM.

Tha Iwer ochamatic of Fig. 1 indicates tha motion degrees OE freedom
Cio:d:;: :;’:;;ra

The d-sisnacion Ui refer~ ro the positive horizontal dieplacemenc of the i

co the positive vertical displacement of che ich mass; and ‘Y refers to the pesicive rota-

tional motion of che ith $ . The dynamic equation, of❑ ace. Th*re a:g 29 degraes OE free m

wcion in matrix form ● ra:

[H] {xj+[C] !;) + [K] (x) - (F? (1)

with initial conditions

for ij - Ji, (i. =L,2, 3 ,,. 10)
.

‘J ■ ‘~ and
.

●ll other x. = O ,
J

Also, in the ●leventh ●quation of Eqa. ‘.L), F,, . ..R=, the slidins friction farcm Or :ilu

initially otacionsry train being struck (Fis. 1), A1l ochar (F) = U, The vector ~x} r~ters

to tha ●ppropriate ●baolute motion of each of the 29 degreee of Eraedm; [Ml refers to the
Mm and maeaaent-of-inertia matrix; [K] refer- to the ntiffnesn mtrix; and [C] refers tl>

the damping matrix. Ilquaciorm (1) cunaciwte ● eec at 29 second order nonlinear dif$erencinl
●quacione, which ● ra solved with the disital cmpucer prosram UCTL.

The maea matrix [M] i- s diagonal matrix of 29 ●lements derived from railrar And
containar mans and maas-mmenc-of inertia data. Table I includeo thm uumerical data used S.>r
che speeific railcar and carqo conai.lared. DetaiL# >t’Lumping mathode ~re iacludnd in ReC, 1,

,.
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tin~ss matrix iK] is derivwl in thti standard way ‘ by first obtaining a tranotormat m
matrix !:] frem ~bcolute to relative cofrdinatam. TIIe axial and banding compmmnt
qtittn$!s.+~~ [V! are ad given for baams, and tha resulting stil!fne~a matrix [K] was
t~rmui,ttA by the matrix product
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TAB,.E I

ANALYTICAL NODEL DATA

Rsilcar data from Appe@ix L, “Scresa Analysij for 50 Ton 53 Ft.
5 tn. Bulkhead Flat Car, ”

Published by Association OF Amsrican RaiLroada, January L966.

Length between trucks = 13.L82 m (519 in)
Container weizhcs of 13.6, 27.2, 63.5 tonnaa (15, 10, 70 cons’

Weights of railcar

(1) Diacributed weight = 15,292 N/m (87.32 lb/in)
(~) Eulkhead~ (2) = 16,414 N each at x =0, x - 13 182 m

[3,690 lb ●ach at x - 0, x - 519 in)

(3) Weight OE trucks (2) = 31,805 N ●ach at x ■ 0, x - 13,182 a

(7,150 lb each at x ‘O, x = 519 in)

lloduli (Pa)

Railcar E
?C

- 2.068: x 10:’ (30,000,000 psi)
Contliaer . :.-lfiy, ~ 10” (30,000,000 P9~?

Tiedown damping (est.S = 0.05) - (~-~)

Impact velocicy (kci/h) VI - a, 11.3, Li.5, 17m7

Stationary train - Wgight ■ 226.8 tonnes - 2.224 x 10+ N (500,000 Lb)

- Resistance force (coef S. of friction of 0.2) =
4.448 X 10’ N (100,000 lb)

,.
,..1

.,.,



where {?} is the conscrairic force vector, and

lxr~l}‘ {ire’)%”the relative displacement and velocity of che ends
of each ❑ember carrying a constraint force.

B. Discussion of Results

The analytical reaul:s were obtained uging the RICTL code. The study waa parametric in

nature with concainer weight, impacc velocity, and tiedown stifinesa and damping as para-
meters. Cmplete resulca of the study are presented in Ref. 3. The reaulcu of interest
presented here incl~de peak valuea of the time profiles of

(1) Horizontal deceleration of the ra~lcar at the point of impact,

(2) Vertical respcnae acceleration of the railcar at struck-end concainer attachment,

(3) Horizontal deceleration of the containar e.g.,
(4) Vertical acceleration of the container e.g.,
(5) Struck-end tisdown lea! horizontal ccaiponent,

(6) Struck-end tiedown load vertical component, and

(7) Sc:-uck-end tiedown load bending moment.

The tiedown loads were expreasad in terms of the total load of the twc struck-and

tiedowns (which produced the maximum ciedon loads) and involved the axial lrad in each of
the tierlnwn mr.mhfirs i.;+ , .Ind ~.. . . . These axial Iaads .#er.? converted to equi.~alent horizontal, .4
and vcrtic~l loads and a bending moment of a aingla member attached rigidly between Mass 10
and MASS 5.

Figura 2 shows the variation in peak acceleration with che container wcighc for Lhe

variables OE intarest, The ai~nificant result shown in Fig. 2 is that, for heavy containers,

the vertical acceleration of the railcar is nearly as lar~e as the horizontal decelerncion.
This result emphasizes th.r relative importance of vertical dynamics compared with horizontal
dynamics, This implies that bending effects of the railcar are important in considering
tiedoun loads. Figura 3 shows the peak tiedown had variation with container weight. This
plot confirms the face chac bending effects in the tiedowna nead to he considered, Although

the net vertical component is small compared with horizontal tiedown loads, che bending
mument is certainly si~nificarlt.

Fi~,:res & and 5 show variation of the same peak Load variablea as Figs. 1 and 3 with

impact speed as the parameter. Ths largest containe: weight, 63.5 tonnes, waa used for these

studies . Th@ curves all indicata that che peak loads vary linearly, or approxi-

mat”aly li~early, ,#ith impact aFaed, This is an entirely predictable result, since che
impulse of impact is proportional co th: momuntum, which variaq linearly with impact
,Jelocity. Variatioils from linearity are due to the peak loads being based on vibratory

rtiapons?s Chat peak at Jiif?rent relati-Je times during the irnpacc ●vynt. In the low speed

case [3 kaz/hr), che couplar load peaks at .00b s when the coupler qtiffness is high !!0.51 x

Lo’ N/”l). In :he higher speeG caars, the cou+lar Load psaks at .03S s when the couplar
qtif5n*sJ is LOW ~2,1 x 10 N/m) during deflection of the draft 3ear. Thus che nonlinear

3ciffness characczristic of tne COUpLer accounts for the ieviation from Iineari:y of some of
the peak r,:sponse Loads.

The peak horizontal deceleration of the railcar is linearly related to impact velociry
becauae ic occurs 40 L.S after initial impact for aLl impact speeds. At this time the coupler
stiffness ig ~cill in the linear range, and the draft gear is undeflucted. The container
response a?celer~tion peaks ●re linearly related to impact velocity bacsuse, although they
occur It times “~hen the draft gear is inflecting, they occur at the ~ame time (,01? ~ for
horizontal cesponse nnd ,0L7 j for v~rcical r?sponae) far each impact velocity.

Fi~ure@ h znd 7 show the peak load var~aci. ma of the 63,5 tonne cancainer contig,~rscian
.1s 3 Eu~cc ion ~f concai[ler tiedon axial qtiffneas. ThP tiedovn qtiffness smbodies the same

val,~e:. of ~tiffness in each ,Ii :ht? four members I.:,, !,,, :.
5,13 ‘

and t~jh. AI Jo, 9ince che
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Time profiles wer+ sompured far the heaviest weight container-railcar cnnfigurmtion

stri}ing an initially st~tionary train ● t the higheec coupling impacc valacicy (L7.7 km/hr or
11 mph). Fm brevity, thuse pro<ilas are not included, but they were cnmputed to show the

>aci :atory bahavior cf the impact event. The. impact deceleration has an apparmt dominant

freq:,cncy OF 125 Hz, which is revealed initially in the tiedown load of member 1116, thq tie-

down naving the dominant loading. fhid rezult ●ppeare to be approximately in ●ccord wirh the

r.?tiult nbtair.ed by Hagnuzon ●nd Wilson in their mod.sl chr.c has only lon~it~dinal dcgr~es of
fr~e.1.vn for the ATFOt czr tiedown otructure (dominant frequency of 100 Hz). The magr,~tuae of
peak deceleration that we obtmin~d (54.5 g’e) alao canpares with the Maanuson and Xilzon

ra~u!tz for ca:go weighce between 178,000 N and 645,000 N, which gava 52 a’s and 58 g’s
- respectively for a epant fuel cask syztem with 3.2 - - travel zpace. The conEig.:r4tion

at )fagnuaon and Hiiscn and ,ur configuration are not e the same, so ● direct comparison

is nut pozsib La. However, the closeneae of che two rew - for longitudinal mocicn va:iabl?s

ia of interaer.

.
CONCLUSIONS

The rasults indicate thzt cl.e RIC7L simulation of rzilcar coupling impact dynamici
produecs rssulte chat ars plsudible when compared with results of ocher impact ●nalyses.’;
The ,lr.a Lysie ❑ethrd applied co che dezign af cargo tieaowne should be a significant

impravanenc over current static dezign ~ethods t!~at ●aploy ●quivalent empirically derivad
load factors in the design of tiadowne. Aleo, vertical mution and bendina are found to be
important effectz to ba cmaideral in the danign of tiedown attmcture. )lora ca~no: oe #aid
about the ad?quacy of che simulation until a degree OE corr.alation iz established between the
RICTL mdel and actual impact tentz.
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